Background: Far-infrared (FIR) is well known with various therapeutic benefits.
| INTRODUC TI ON
Sauna bathing has been generally used to perform good relaxation and get rid of mental as well as physical stresses. 1 Finnish steam sauna is a representative in this context; however, there are several other kinds of saunas, such as dry-heat sauna, infrared sauna, and far-infrared (FIR) sauna. 2 To date, different ways of FIR saunas have been used to practices. 3 Although FIR exposure leads only to superficial tissue penetration, 4, 5 there are many reports dealing with its clinical advantages. 6, 7 In general, far-infrared saunas (FIRS) heat to 40-60°C and utilize 120-V infrared elements which irradiate electromagnetic waves with a wavelength of around 10 μm. 8 There are two ways of FIR irradiators applicable for patients' use. In the first case, an FIR emitter consisted of electrified ceramic plates is located approximately 20 cm above a bather. 9 The second is an FIR dry sauna in which light is used to create heat and directly irradiate the target without necessarily heating any transfer media such as air. 10 Here, we developed a novel FIRS system called the "Enseki" method, in which heated ceramic beads covered a bather with depth of 5-10 cm (except for a head and a face) like sandbathing. Based on the physiological nature of ceramic beads which emit FIR ray when heated at around 50°C, the Enseki method was conducted as FIR bathing.
Here we demonstrate, for the first time, physiological and biochemical effects of the Enseki bathing and its clinical applicability, suitability, and tolerability.
| SUBJEC TS AND ME THODS
Thirty-one healthy volunteers were participated in this study with their free intentions, and the Enseki procedure was performed in the laboratory of Enseki Co. Ltd. (Mozu, Sakai, Japan). This study was conducted in Department of Pharmacology, Kindai University School of Medicine (at the time in preparing the data of this article, HH had worked as the chairman). Among them, 13 males and seven females were subjected to the Enseki procedure only one time (Table 1a) , while five males and six females were done so for multitimes (Table 1b) . The average age of one-time bathers was 39.8 ± 12.3 year-old (age ranges;
27-63 year-old), while that of multitime bathers was 60.9 ± 7.04 yearold (age ranges; 45-69 year-old). Written informed consent was given to all participants. Those with high-grade hypertension, history of stroke, and ischemic heart diseases were not included in this study.
The ceramic beads used in this study were produced by baking volcanic ashes with a high temperature. Its physical characteristics were as follows; the average diameter, 3.20 ± 0.23 mm; maximal contact area to human skin in practice, 33.9% (approximately 1/3);
water content (when dried), 0.05 ± 0.01%, water content (when wet), 10.4 ± 0.5% (per dry weight), 9.44 ± 0.42% (per wet weight); specific gravity, 2.42 ± 0.02 (when dried), 2.67 ± 0.03 (when wet); relative gravity (when containing air), 1.27; heat transfer rate, 0.15; specific heat, 0.256. The ceramic beads radiate incoherent FIR ranging between 4-24 μm, whose emission peak was approximately 8-10 μm ( Figure 1A ). The emissivity of the ceramic beads-derived FIR is very similar to that of black body that is regarded as "perfect radiator"
( Figure 1A ). We checked in preliminary studies that bathers and rabbits were not suffered from burn when contacted to the ceramic beads even heated at 50-52°C (data not shown). Before the Enseki procedure, we drew hot water at 50°C over ceramic beads, which was drained out after the beads were sufficiently heated.
This process was automated by a computerized system ( Figure 1B ).
In each session, hot water at 50-52°C was first filled in the bathtub (ceramic beads were completely dipped in hot water) and drained out when temperature of the beads was equilibrated around 50°C.
Immediately thereafter, each participant wearing in minimal underwear was placed in a bathtub at supine position and buried in heated ceramic beads except for the head and the neck by use of a shovel and kept for 15 minutes ( Figure 1C ). Participants did not receive any medical therapy or psychological treatment during the program.
For participants of the procedure, the heights, blood pres- 
| RE SULTS AND D ISCUSS I ON
Our goal of this study was to verify whether the "Enseki" system is worth maintaining human health. To address this issue, numbers or kinds of bacteria attached to ceramic beads were first examined ( Figure 2A ). Before the procedure, 9.50 ± 5.24 bacteria were detected in 10 ceramic beads, while 7.81 ± 3.66 bacteria were seen at postbathing. The numbers of bacteria were extremely less before bathing, which did not increase even upon the procedures.
The subsequent culture only grew Micrococcus sp., Staphylococcus epidermis. We next checked for same bacteriological analysis with circulating fluids before and after the bathing ( Figure 2B ).
Consequently, 10.8 ± 3.7 bacteria/mL was observed in the internal fluid just at the time of replenishing, while 918.1 ± 478.6 bacteria/mL was seen on the fluid at cleanup after bathing. The culture showed to grow Micrococcus sp., S. epidermis, Bacillus sp., Bacillus cereus, and glucose nonfermentable gram-negative bacillus. We then conducted bacterial analysis for volunteers' skin surface (the upper arms [ Figure 2C ] or thighs [ Figure 2D ]). Figure We next checked for the effects on physiological parameters.
To do so, BP was first monitored ( Figure 3A ). Accordingly, systolic
BP raised approximately 10.7% at 2 minutes after starting the bathing, and the 6.6%-8.3% increase was continued during the bathing among first-time bathers. In this regard, it should be noted that 10% upregulation of systolic BP does not seem problematic, because physical exercise or hot spring bathing leads to more marked upregulation of BP. The temporal upregulation of systolic BP tended to be less marked by repetitive bathing ( Figure 3A ).
Further, diastolic BP was also monitored, indicating that the TA B L E 1 Characteristics of the bathers in the Enseki sandbath. Onetime (a)-and multitime (b)-bathers. approximately 3.4% increase was observed 2 minutes after starting the first bathing, which was followed by 9.6% decrease during the bathing. However, diastolic BP raised gradually after finishing the bathing by 9.6% (data not shown). Overall, the changes in diastolic BP became less marked by the repetition of the bathing.
Interestingly, unlike hot spring bathing, downregulation of systolic BP from basal levels did not occur. Based on the fact that the onset of cardiovascular as well as cerebral vascular events during bathing is due to the high-grade discrepancy between highest-and lowestsystolic BP, the Enseki bathing seems rather safer also in this context. It has been well known that BP is often determined by cardiac output and vasoconstriction. 12, 13 Furthermore, the decrease in BP is induced by nitric oxide (NO) released in endothelial cells, leading to endothelial-mediated vasodilation. 14 In this regard, it was reported that bathing leads to the temporal decrease in diastolic BP at approximately 5%. 15 This tendency was observed particularly at first-time sauna bathing, which became not so obvious at 2nd time bathing. 16 The tendency that diastolic BP drops by sauna bathing is also confirmed by another group. 17 The diastolic BP gradually recovered to the basal level during the bathing in the both reports.
Inversely in the Enseki bathing, the diastolic BP increased approximately 3.4% at 2 minutes after starting the first bathing, followed by 9.6% decrease during the bathing (data not shown). Although the discrepancy seen in our study was more than that in previous report, 15 tested individuals did not complain about lowered BPrelated symptoms, such as dizziness, vertigo, syncope, or general fatigue. Although cautious interpretation is necessary, we think that this decrease in diastolic BP is no troublesome. However, one should remind the necessity of careful observation on the process of the Enseki procedures.
It is generally known that hot water bathing should carefully be done in elderly people due to increment of heart rates. Heart rates were increased according to the time of bathing at approximately by 42% at 15 minutes after starting the procedure at the first-time bathing ( Figure 3B ). This is mostly the same extent but not extremely high as compared to another study employed with wet sauna and dry sauna. 16 This implies that the Enseki bathing is as less severe as regular traditional sauna therapy.
We next checked for its influence on the changes in the oral temperature ( Figure 3C ). The oral temperature raised approximately 2.1°C at 15 minutes after starting bathing as compared with that before, which, after bathing, progressively declined and recovered to the basal level 60 minutes later ( Figure 3C ). In a previous study, changes in oral temperature were studied in tetraplegic and paraplegic individuals upon sauna bathing (85°C dry sauna, relative humidity <10% for 15 minutes), which demonstrated that oral temperature raised from around 37°C at the beginning to approximately 39.5°C at the end of bathing regardless of paralytic conditions. 17 The degree of upregulation of the oral temperature in the study was approximately the same as we observed. We thought that this also witnessed the safety of the Enseki bathing.
We also checked if the Enseki bathing leads to weight loss. It appeared that 1% reduction in body weight after the first-time bathing ( Figure 3D ). Repetition of the bathing did not lead to weight loss ( Figure 3E ). The similar results were reported demonstrating that 0.48%-0.92% weight reduction was observed after dry sauna bathing (temperature 90°C, humidity 35%) for two sessions for 10 minutes each with a 5-minutes break. 18 Another group has investigated body weight changes pre-and postsauna bathing. 17 Although statistically significant weight reduction was seen upon 
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sauna therapies in those studies, the weight reduction observed was only to lesser extent (averagely <0.5 kg). Due to the fact that the bathing leads to approximately 200-1200 mL sweating, observed reduction in body weight might be simply due to temporary one owing to sweating, but did not mean continuous weight loss. Furthermore investigation is needed if long-term repetition of the method may contribute to weight reduction in a healthier way. We also examined for changes in blood viscosity upon the bathing. Previously, it has been reported that sauna therapy did not sufficiently lead to changes in native blood viscosity and hematocrit. 19 Thus, the authors concluded that sauna leads to adverse effects predominantly acutely, while long-term effects seem negligible from the hematologic point of view. Similarly, our data showed that a coefficient of blood viscosity was increased upon the bathing, which, however, was not statistically significant ( Figure 3F ).
The influence of the Enseki bathing on various biochemical markers was analyzed (Figure 4 ). It appeared that blood glucose score was not changed by first-time bathing, which was decreased by 19.9%
after multitime bathing (6-7 times; Figure 4A ). It has been reported previously that heat therapies, such as sauna or hot tab may be effective in treatment of diabetes mellitus, since human studies indicated that it reduced fasting glycemia, glycated hemoglobin, body weight, and adiposity. 20 Our study indicated that blood glucose score was decreased by 19.9% after multitime bathing (6-7 times; Figure 4A ), while HbA1c was unchanged (data not shown). The reduction in serum glucose by the Enseki bathing is similar to the study, 20 but the heat therapy-induced decrease in glycated hemoglobin observed in their study is not confirmed in our study. The reason might be due to the fact that examination duration was too short to find out the decrease in HbA1c score. Thus, it remains for further elucidation whether further repetition of the Enseki therapy leads to reduce 
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HbA1c and thus to contribute to treat diabetes. Blood uric acid levels were decreased by 11.4% after multitime bathing (6-7 times; Figure 4B ). At the first bathing, blood lactate was decreased by 19% ( Figure 4C ), which was decreased 25% after 12-13 times bathing as compared with that before the first-time bathing ( Figure 4D ). The decrease in these markers may partly be due to accelerated excretion of uric acid and lactate through sweating. We further tested for blood triglyceride ( Figure 4E ), blood free fatty acid (non-esterified free fatty acid; Figure 4F ), and blood fatty acid peroxide (lipid peroxide; Figure 4G ). Blood triglyceride and fatty acid peroxide were decreased upon the Enseki bathing ( Figure 4F,G) . Inversely, the increment was observed in blood free fatty acid ( Figure 4F ). This phenomenon might be induced by the facilitation of degradation from triglyceride to free fatty acids via activation of lipoprotein lipase.
Collectively, the above data indicate that, due to the improvement of blood circulation and the activation of metabolisms, the Enseki F I G U R E 3 Changes in physiological parameters upon the Enseki bathing. Systolic blood pressure (BP) (A), heart rates (B) was monitored prebathing, midbathing (2, 4, 6, 8, 10, 12 and 14 min during bathing) and postbathing (10, 20, 30, 60, 90 , and 120 min after bathing). C, Oral temperature was monitored prebathing, midbathing (3, 6, 9, and 12 min during bathing) and postbathing (10, 20, bathing decreased in blood glucose, uric acid in addition to the induction of triglyceride metabolisms. We assume that, when adequate aerobic exercise is combined, the Enseki procedure might well be useful for weight control.
It has been reported recently that heat therapies including thermal water immersion and sauna may contribute to improve the cardiovascular health via improvement of blood flow. 21, 22 In this regard, our laser Doppler study demonstrated dilatation of radial artery by 24% and increase in circulating blood volume of the radial artery at 2.43 times ( Figure 5A ). Furthermore, acceleration of the flow speed by approximately 1.7 times (data not shown). The similar tendency was also observed in popliteal artery ( Figure 5B) . Collectively, the above data indicate that the Enseki procedure temporarily dilated radial as well as popliteal arteries, leading to the increase in the peripheral circulating blood volume. Together with previous observations emphasizing usefulness of heat therapy on cardiovascular diseases, 23, 24 our data suggest that the Enseki bathing might be one of useful therapeutic modalities for cardiovascular disorders. This issue will be further pursued in near future. One of typical adverse effects on heat therapy is the occurrence of disregulation of body temperature or heatstroke. We checked for this point by use of thermography, demonstrating relatively rapid recovery of body surface temperature ( Figure 5C,D) . This indicates that the Enseki bathing is rather safe and thus does not lead to heatstroke.
In terms of temperature of the Enseki bathing, the results of questionnaires indicated that in 53% of one-time bathers answered as "temperature appropriate" and another 47% replied as "too hot", while 66% of the multitime bathers answered "appropriate", and another 33% to be "too hot". Furthermore, 42% of one-time bathers answered as "bathing favorable" (14% relaxed, 14% less stiff, 14% body warmed), while another 57% mentioned "unfavorable". Among multitime bathers, almost 100% answered as "favorable" including "good restoration" (17%), "defecation improved" (10%), and "neuralgia or muscle soreness improved". Among individuals who took the Enseki bathing one-time, 90% of those answered "comfortable".
Furthermore, 98% of multitime bathers answered "comfortable".
Recently, it has been reported that biological effects of FIR may be mediated, though not exclusively, in a nonthermal way, 5, 25 This suggests significance of the existence of FIR therapies regardless whether it is superior or not when compared with other thermal therapies such as traditional Finnish sauna. Keeping in mind all the above data, we could show for the first time the suitability and tolerability of the Enseki sandbath. Although more detailed validation of the effects at molecular levels is necessary, we conclude at moment that this is worth being a new FIR-therapeutic modality which might
give us better contribution on our life in a healthier way.
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